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Unobtainium

G

ot a pencil?” So began a recent
phone call from my airplane
mechanic. We were (well, he
was) in the middle of a multi-day
effort to completely overhaul my
airplane’s landing gear and other
mechanical systems. While there’s
no Part 91 requirement for such a
massive project, those with more
experience working on my airplane
type—a mid-60s Beech Debonair—
strongly advocate doing this kind of
service at around 4000 hours. I was
slightly more than 1000 hours late.
We already had spent a substantial
amount of time researching sources
and pricing on various replacement
parts like rod ends and bearings,
as well as refinishing and reusing
many of the parts removed for close
inspection. In all, the airplane was
in good shape. Still, we opted to
replace several components. Or tried
to, anyway.
With a couple
of exceptions, we
found new parts
simply weren’t
available from
Hawker Beechcraft.
My favorite example
is a main landing
gear uplock bracket,
a piece of stamped
and drilled aluminum sheet. Mine
displayed some corrosion and needed
replacement.
I checked Hawker
Beechcraft’s pricing and found that
while the part’s price was more or
less reasonable—the usual test for
whether a price is reasonable is how
long it takes my laughter to subside—it was unavailable. Instead, I
was greeted with a projected manufacture date several months in the
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future: The date I might actually
receive the part wasn’t available, either. In the end, we obtained a noncorroded, used part, checked it for
conformity to the one we removed
and installed it.
Another assembly, this time in the
nosewheel steering mechanism, also
proved problematic. After sifting
through supersedures, I was told the
four parts I needed were available
but the price tag would read north of
$2500. After consulting with my mechanic, we decided to rebuild what
we had. Some bushing stock, an expensive new fastener and free use of
an on-site machine shop resulted in
a refurbished assembly for much less
money than buying new. The kicker
came later that day when I visited the
hangar and realized the entire assembly could be held in the palm of my
hand, with room left over for a credit
card. (Forget oil futures—I’m investing in old airplane
parts from here on.)
But there’s more
going on here than
just a corroded hunk
of stamped aluminum or re-bushing
a nosewheel-steering yoke. All of the
research for parts
new and old took
many hours of my
and his time. Plus, if
I wasn’t blessed with
having a skilled,
patient mechanic
who didn’t mind rounding up the
tools and outside talent required to
refurbish what we had, I’d be writing some big checks, waiting a long
time for Hawker Beechcraft to make
me some parts, or both.
Continued on page 29
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Raising The Dead

In conventional twins, juggle weight, speed, bank
angle and altitude to achieve maximum singleengine performance.
By Nihad E. Daidzic, Ph.D.

T

win-engine airplanes certified
under FAR 23 do not have the
same performance guaranteed
for transport category airplanes
certified under FAR 25. Especially,
light twins weighing less than
6000 lbs and have VS0 equal to or
less than 61 KCAS are not required
to have any positive single-engine
performance. Twins weighing
more than 6000 lbs and/or having
VS0 above 61 KCAS must demonstrate, in still air at 5000 ft, with
the inoperative engine feathered,
a climb gradient of 1.5 percent (if
certified after February 1991), or a
rate of climb of 0.027 V2S0—not exactly earth-shaking performance.
We often hear that losing an engine in a light twin-engine airplane
is far more dangerous than losing
the only engine in a single-engine
airplane. Melville Byington Jr. (1989
16
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and 1993) of Embry-Riddle Aeronautical University conducted an experimental study of the bank angles
required to obtain the zero sideslip
flight, and consequently, the maxi-

“The lower the weight of the
airplane, the greater will be
the optimum bank angle.
These are all-important factors to consider and show
that no single, fixed, optimum
bank angle actually exists.”
mum performance in light twins.
Based on the NTSB accident data,
Byington concluded that 30 percent
of twin-engine airplane accidents
occur due to the loss of directional
control (VMCA rollover), while 43
A v iation

S afet y

and

rudd e r

percent can be traced to insufficient
performance with one engine inoperative (OEI). The remaining 26 percent or so are stall/spin accidents,
which also carry the highest fatality
rate. Evidently, more accidents happen due to the inadequate SE performance planning or understanding,
than due to the control problems.
A way to neutralize sideslip with
asymmetric thrust, reduce drag and
the minimum air control airspeed
VMCA, is to bank slightly into the
operative engine (“raise the dead”).
Some rudder is still necessary
and the inclinometer ball will be
displaced off-center and toward the
operating engine. A yaw string is
the best, and cheapest, way to adjust
for the zero-sideslip flight.
On the opposite page, in Figure
1, a twin-engine airplane with OEI
and with a bank angle of Φ degrees
is shown. The main questions are:
What bank angle will result in a
zero-sideslip? Is this optimum bank
angle always constant and is it always the oft-mentioned five degrees?

The optimum bank angle
In the case of zero-sideslip forward
flight, the lateral aerodynamic
force of the rudder and the lateral
weight component will be balanced, as shown by the equallength black arrows in Figure 1.
The angle required to obtain the
optimum or zero-sideslip is the
result of a formula you won’t have
time to compute when flying on
one engine. It’s reproduced on the
opposite page, at the bottom.
What may not be obvious is the
optimum bank angle required to
achieve maximum performance in a
zero sideslip is not constant. Referring to Figure 2, also on the opposite
page, the larger the arm “a” of the
asymmetric thrust line, the larger
the zero-sideslip bank angles must
be. The opposite is true for the rudder-to-CG arm “b,” also depicted in
August 2008
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Figure 2. For normally-aspirated engines at lower density altitudes (DA)
one will use a greater bank angle
than at the higher DAs to achieve
the optimum bank. Additionally,
the lower the weight of the airplane,
the greater will be the optimum
bank angle. These are all-important
factors to consider and show that no
single, fixed, optimum bank angle
actually exists.
The ratio “a/b” is typically between 0.33 and 0.45 for light twins.
This ratio is not constant throughout the flight envelope however, and
will depend on the actual angle of
attack, sideslip angle, direction of
the propeller rotation, P-factor, etc.
For an airplane with sea-level (SL)
standard-day (ISA) thrust-to-weight
(T/W) ratios of 0.20-0.25 with both
engines operating at VYSE, and the
single-engine (SE) T/W ratios of
0.10-0.125 at VYSE, the zero-sideslip
bank angle is somewhere between
1.90 and 3.20 degrees, not the standard five degrees drilled into many
multi-engine students.
These conclusions are based on
T/W ratios extracted from manufacturer’s published data for different aircraft, presuming of course
new engines and propellers, along
with perfect technique. Obviously,
an older engine and propeller will
produce less power and propulsive
thrust, at the same DAs, and that
will affect the optimum bank angle.
In Table 1, on page 18, the sealevel, standard-day zero-sideslip
(optimum) bank angle calculations
for Φ as a function of the weight for
three popular light twins are summarized. These include the Piper
Aztec (PA-23-250), a Cessna 310
equipped with 285-hp engines and
a Piper Seminole (PA-44-180). As is
apparent from Table 1, the change
in optimum bank angle with weight
reduction is relatively minor over
the range of weights, from the maximum takeoff to practical minimum
August 2008
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Figure 1: Forces acting on
an airplane with zero sideslip
(optimum bank angle).

Cessna 310 drawings courtesy
www.schemedesigners.com

Figure 2: Forces acting
on a wings-level airplane
with the slip-skid ball
centered and with sideslip angle ß.
The math required to compute a
twin’s optimum OEI bank angle using the formula at right isn’t complicated, but it’s more than you want
to deal with when one’s turning and
one’s burning.
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Weight And Altitude Help Determine
Optimum OEI Bank Angle
Bank Angle Required For Zero
Sideslip At Various Weights
(Sea level density altitude)
MTOW Weight
Reduction (percent)

PA-23-250
Aztec

Cessna 310
(285 hp)

PA-44-180
Seminole

0

3.20 / 5200 lbs.

3.02 / 5500 lbs.

3.51 / 3800 lbs.

5

3.37 / 4940 lbs.

3.18 / 5225 lbs.

3.69 / 3610 lbs.

10

3.56 / 4680 lbs.

3.35 / 4950 lbs.

3.90 / 3420 lbs.

15

3.77 / 4420 lbs.

3.55 / 4675 lbs.

4.13 / 3230 lbs.

20

4.00 / 4160 lbs.

3.77 / 4400 lbs.

4.39 / 3040 lbs.

25

4.27 / 3900 lbs.

4.02 / 4125 lbs.

4.68 / 2850 lbs.

Table 1

Bank Angle Required For Zero
Sideslip At Various Weights
(5000 feet density altitude)
MTOW Weight
Reduction (percent)

PA-23-250
Aztec

Cessna 310
(285 hp)

PA-44-180
Seminole

0

2.75 / 5200 lbs.

2.59 / 5500 lbs.

3.02 / 3800 lbs.

5

2.89 / 4940 lbs.

2.73 / 5225 lbs.

3.18 / 3610 lbs.

10

3.06 / 4680 lbs.

2.88 / 4950 lbs.

3.36 / 3420 lbs.

15

3.24 / 4420 lbs.

3.05 / 4675 lbs.

3.56 / 3230 lbs.

20

3.44 / 4160 lbs.

3.28 / 4400 lbs.

3.78 / 3040 lbs.

25

3.67 / 3900 lbs.

3.45 / 4125 lbs.

4.03 / 2850 lbs.

Table 2

ZERO-SIDESLIP BANK ANGLE FOR PA-23-250

OPTIMUM BANK ANGLE (degrees)

5
4.5
DA=0 ft
DA=5000 ft

4
3.5
3
2.5
2

3800

Figure 3
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4000

4200

4400

4500

4800

5000

5200

WEIGHT (lbs.)
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in-flight weights.
In Table 2, at left, the zero-sideslip
bank angles are calculated for a DA
of 5000 feet. In Figure 3, bottom left,
the changes in optimum bank angle
for the different in-flight weights
and density altitudes for a PA-23-250
are summarized. Similar graphs can
be designed for the Cessna 310, PA44-180 or for any other light twinengine airplane.

What About Climb?
Multiengine pilots should understand, however, flying at the zerosideslip or optimum bank angle
when OEI in light twins does not
guarantee any climb performance
at all. Instead, doing so merely
means overall drag is minimized.
This is a critical operational
consideration when conducting
drift-down with OEI, as using such
technique will maximize range.
However, the element often missing from complete understanding of the aerodynamics involved
is the optimum bank angle will
change with altitude and weight
when descending.
The performance calculations
in light twins are especially critical when planning IFR departures
into IMC conditions. Many smaller
airports from which light twins
operate include obstacle departure
procedures (ODPs). Whether by
incorporating minimum visibility
and ceiling requirements, or by
requiring a minimum climb gradient in IMC, complying with an ODP
in a light twin with OEI may not be
possible.
When an ODP is not published for
a given runway, a pilot may assume
the FAA-mandated minimum climb
gradient required is 200 ft/nm,
which is about 3.33 percent gradient. To meet this requirement, the
twin’s wheels also must cross the
runway’s departure end at a minimum of 35 feet agl.
August 2008
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CESSNA 310 (285 HP) SE PERFORMANCE

SE ROC (fpm)

500
400

DA=0 ft

300

DA=5000 ft

DA=2500 ft
DA=7500 ft

200

DA=10000 ft

100
0

4700

5100

5500

WEIGHT (lbs.)

Figure 4

Cessna 310 (285 hp) Single-Engine Climb Performance
(Density altitudes)
Sea Level

2500 ft.

5000 ft.

Weight (lbs.)

VYSE
(KCAS/KTAS)

ROC
(fpm)

VYSE
(KCAS/KTAS)

ROC
(fpm)

VYSE
(KCAS/KTAS)

ROC
(fpm)

4700

98/98

520

95/98.5

414

92/99

305

5100

102/102

448

99/103

340

96/103

230

5500

106/106

370

103/107

265

100/107.5

156

Table 3

Adjusting takeoff weight
Especially when considering
ODP requirements, there is absolutely no reason multiengine pilots
should not adjust the parameters
under their control to achieve the
minimum safe climb gradients
if one engine fails. For example,
pilots often have full control over
the takeoff weight and choice of
runways, along with limited control over DA (e.g., leave early in the
morning). If a pilot simply keeps
the SE service ceiling a couple
thousand feet above the airport’s
DA, the improved SE performance
may give a pilot more options.
But how much (or little) must the
airplane weigh to achieve the
required performance? Put another
way, how can pilots determine the
August 2008

maximum allowable takeoff weight
(MATOW) in order to meet the
departure climb requirements?
Imagine an IFR departure restriction requiring 350 ft/nm climb gradient (3.30 deg., or 5.8 percent). Can
you out-climb the obstacle(s) ahead
if one engine fails? The required
average ROC to clear an obstacle
straight ahead can be approximately
estimated from the actual average
groundspeed (GS), in knots, and the
required climb gradient angle of
climb (AOC).
Reducing aircraft weight has two
positive effects on climb performance. First, the ROC increases
inversely to the weight reduction.
Halve the weight and the ROC doubles! Secondly, the power required
decreases with the reduced weight
resulting in increased excess horseA v iation
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power. Thus, halving the weight
results in a more than doubled ROC.
Unfortunately, normally aspirated twin-engine airplanes are
at a distinct disadvantage when
considering single-engine climb
performance since at 5000 feet DA,
only about 86 percent of maximum
power is available from the operating engine. As altitude increases,
power available, along with the
excess thrust producing a climb
in the first place, decrease. Especially when considering non-turbocharged twin-engine airplanes,
limiting weight must be considered
as a primary option to ensure some
minimum single-engine climb performance.
To demonstrate, we’ll use performance data for a 285-hp Cessna 310.
A MTOW for such a Cessna 310 is
www.aviationsafetymagazine.com
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Computing Max Allowable Takeoff
Weight (MATOW)
To estimate the MATOW for the given
DA, winds, and required climb gradients is as follows:

GS * AOC
60

[ fpm]

Then compute the available ROC (ROCA) from the POH.
5. If ROCR is greater than ROCA, we need to choose a lower
takeoff weight and repeat the calculation (Steps 1-4).
6. If the ROCR is less than or equal to ROCA (after applying
a conservative “Did I do this right?” fudge factor), you’re
good to go. If the difference is too large, maybe you assumed too little weight. Increase it somewhat, and redo
the calculations (Steps 1-4).
7. You have found the appropriate MATOW when the
ROCR is slightly less than or equal to ROCA (an error of ±
10 fpm is okay).
5500 lbs. At 2500 feet DA, the airplane will deliver
SE climb rates of 265, 340 and 414 fpm at 5500, 5100
and 4700 lbs weights respectively, according to the
model’s POH. Also the best (maximum) SE ROC airspeeds (VYSE) are 103, 99, and 95 KIAS respectively.
The Cessna 310 POH single-engine climb performance
data are summarized in Figure 4 and Table 3, on the
previous page.
An often forgotten and potentially hazardous fact in
multi-engine flying is that both indicated VY and VYSE
normally decrease with DA, and certainly do so with
the decreasing weight. Insisting on keeping the “blue
line” to get the best performance under all conditions
is deceptive. The blue line is appropriate only for the
SL ISA conditions and at the MTOW. Unfortunately
many AFMs or POHs are silent on this.
In the absence of the manufacturer’s data, we could
20
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design a chart for each light-twin airplane to meet the
particular single-engine climb requirements. Such a
chart is represented by Figure 4 on the preceding page.

Putting It ALL Together

1. First, assume the takeoff weight
you think might meet the required
climb performance.
2. Determine the indicated V YSE and
ROC for an assumed weight from the
POH data (summarized for the Cessna
310 in Table 3 on the previous page).
3. Convert the VYSE in KIAS into KTAS for a given average
DA during climb. Once we know the average KTAS, we
can compute the average GS in the climb based on estimated or known average winds.
4. Calculate the required ROCR using the following equation:
ROCR =

rudder
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To demonstrate how all this
works, let’s take an example
involving a 285-hp Cessna 310.
For this example, we need a
300 ft/nm gradient until reaching 1250 feet AGL, starting
from sea level. The average
winds throughout the climb
to 1250 feet are estimated to
produce 15-knot headwind. Since the DA changes in
climb, we are linearly interpolating between SL and
2500 feet DA data.
First, we’ll guess MATOW as 4900 lbs. At this weight,
the DA-averaged VYSE is 100 KCAS/KIAS, or 102 KTAS,
and DA-averaged ROCSE = ROCA = 430 fpm. We arrive at this value by using and interpolating data from
Table 3 or directly from Figure 4. For the given 15 knots
headwind, the GS is 87 knots and the average ROCR is
435 fpm, as calculated using the formula at left. From
the diagram in Figure 4, we find the MATOW of 4880
lbs. (with fudge factor of only 5 fpm). That’s about 620
pounds below the airplane’s MTOW.
The 310’s empty weight is typically about 3600 lbs.,
or 1280 pounds less than our calculated MATOW. The
pilot could still put in, for example, 80 gallons of fuel
(480 lbs) plus 800 pounds of people and bags. In this
example, the departure can be conducted safely even if
one engine fails at the most critical moment.
If there was zero wind, the required MATOW would
be 4610 lbs (extrapolated). This is still about 1000 lbs
over the empty weight. A pilot can still put on 80 gallons of fuel and have 530 pounds useful load remaining.
In addition, to meet the 300 ft/nm requirement, climb
should continue at 97 KIAS, which 10 knots below the
“blue” line of 107 KIAS for the 310.
One final note: When worried about SE performance
during a missed approach at the destination, a twin’s
landing weight can be adjusted so to give a SE service
ceiling of, say, 2000-3000 feet above the appropriate
DA or MDA. In that case there is an option to execute a
missed approach safely on one engine.
Nihad Daidzic is an Associate Professor of Aviation
and Adjunct Associate Professor of Mechanical Engineering at Minnesota State University. He also holds
ATP, “Gold Seal” CFI-IA, ME-I and CFI-G certificates,
among others.
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Unicom
Continued from page 3

Reading through the FARs, I have
yet to find any requirement for CFIs
to study how to teach. All they seem
to be required to do is qualify in the
subject area but not in the instructional techniques needed to teach it.
The one CFI I’ve experienced in the
air so far is a super brilliant aviator.
He really knows how to fly any airplane and I learned a lot from him.
He also hammered home the concept that the NTSB people wouldn’t
have quite so much to do and the
FAA people wouldn’t feel like writing so many regulations if pilots
were taught, and required to learn,
to be responsible for actually flying
their airplanes correctly and well.
He’s very right on that point.
Our mismatch was that he was
so successful with the teaching
techniques he’s developed over his
flying life that he couldn’t do for me
the second significant thing I mentioned earlier: He couldn’t adapt to
what I needed as a student and, after
a while, learning wasn’t fun for me
most of the time, so I had to move on.
I can’t/won’t speak for others, only
for myself. I need an instructor who
will let me work through my garbage
habits at my own pace however I can

“git ‘er dun.” I need an instructor
who will adapt to me and make it fun
for me to learn to fly. For an old guy
like me, and maybe others, a teacher
needs more than just flying experience.
Ned Dodds
Via e-mail
Interesting perspective, and one
with which we can’t
argue. Although the
FAA does require
instructors to pass a
written exam cover
the fundamentals of
instructing, the material covered is very
basic. While CFIs go through refresher
training biennially, the curriculum
may not include these topics.

Turnbacks again
Ahh, the infamous turnback again
rears its ugly head! Regarding “Turn
Again” in your May issue, it strikes
me “turnbacks” (and probably a
host of other GA issues) are a little
like the “lean of peak” wars’ early
days. Today, at least with lean of
peak and related engine management issues, there is a ton of data
out there that allows anyone with a
third-grade education and an open
mind to intelligently decide if it’s
right for their operation.

It seems that not nearly as much
definitive data exists for turnbacks! For starters, depending
upon which type of turnback you
choose, “aggressive” or “conservative,” pilot skill and experience
plays a big part. Of course, this is
not a “one-size-fits all” issue! Probably no other maneuver in flying
is more capable of saving your life
(and airplane) if
executed correctly, or more capable
of killing you if
poorly done.
To me, the bottom line is practice makes perfect.
If a pilot isn’t willing to practice
this high-performance maneuver,
he or she should land straight
ahead. Some new info suggests
a number of turnback accidents
resulted in too-shallow banks and
trying to stretch the glide back to
the airport.
To me, the saddest scenario is
someone who landed “straight
ahead” and tore up the airplane
or worse when they had sufficient altitude to make it back but
didn’t know it because they never
practiced and blindly followed
tradition.
Jim Piper
Via e-mail

